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ABSTRACT : PURPOSE: To facilitate an easy design by using the capacitor of the integrating circuit to 
obtain the comparison signal also for the capacitor for the phase detection circuit along 
with installation of the input/output terminal of the comparison signal. 

CONSTITUTION: The voltage control oscillation comprising transistors TrQ2 and Q3 
controls the oscillation frequency by varying the compound ratio of the two units of the 
output vector compound output ends featuring the different phase transition amoun to 
each other. Then the reference voltage is applied to one terminal OUT1 of the circuit, and 
the DC control voltage is applied to the other input terminal IN2 each. Thus capacitor C2 is 
made to double the capacitors for both the integrating circuit to obtain the comparison 
signal and the phase detection circuit, along with installation of the input/output terminal 
for the comparison signal. As a result, an automatic frequency control becomes possible, 
at the same time facilitating the design. 
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Claim 

An automatic frequency control circuit characterized by having the following parts: a 
voltage control oscillator which controls oscillation frequency by varying the combination 
proportion at the output terminal of the vector combination of two outputs with different phase 
shifts by using one or two groups of differential transistor pairs, a reference voltage generating 
circuit which applies a reference voltage to one of the input terminals of the voltage control 



In the following, the present invention will be explained with reference to an application 
example shown in the figures. As shown in Figure 1, when a negative synchronizing signal is 
input to synchronizing signal input terminal INi, transistor Qi is cut off. In the meantime, 
transistors Q 2 and Q3, which are connected to the collector of Qi via diodes Di, D 2 , and D3 as 
shown in the figure, are turned on to allow flow of a bias current determined by resistors Ri and 
R 2 . In this case, if the collector voltage of transistor Q 3 is taken as V C3 , the base-emitter voltage 
of each transistor is taken as V B e, and the forward voltage of each diode is taken as V D , the 
following relationships can be obtained. 

v ci • v„ + v„ t + v. s +v w -v„ - v r>t *, 

That is, during the period of the synchronizing signal, a constant voltage Vc3 = V D 5 + (that 
is, the reference voltage) is obtained and output from AFC output terminal OUTi via resistor R 3 . 
During the period of the synchronizing signal, the terminal is clamped to the reference voltage. 
On the other hand, since a horizontal pulse signal is applied to terminal OUTi through resistor R 5 
and the integrator circuit S 2 comprising capacitors C\ and C 2 , a sawtooth wave voltage is 
generated as a comparison signal across the two ends of capacitor C 2 . Consequently, the voltage 
in the part where the phase of the sawtooth-wave voltage is consistent with that of the 
synchronizing signal is maintained as the reference voltage. Therefore, as shown in Figure 2(a), 
when the phases of the synchronizing signal and horizontal pulse signal are aligned, the 
waveform at the output terminal is such that the reference voltage is located at the center. Figure 
2(b) shows a situation in which the phase of the horizontal pulse signal is ahead of that of the 
synchronizing signal. Similarly, Figure 2(c) shows a situation in which the phase of the 
horizontal pulse signal falls behind that of the synchronizing signal. The main point of the 
present invention is to use capacitor C 2 of integrator circuit Si, which integrates the horizontal 
pulse signal in order to obtain the comparison signal, as the capacitor for the phase shift 
detection circuit which extracts the phase relationship between the synchronizing signal and the 
sawtooth wave voltage, that is, the output of the integrator circuit. 

Consequently, when there is a phase difference between the synchronizing signal and the 
horizontal pulse signal, the average voltage of the sawtooth wave varies, and the DC control 
voltage smoothed by integrator circuit S 2 comprising resistors R6 and R7 as well as capacitors C3 
and C 4 becomes that indicated with the broken line in Figure 2. When the control voltage is input 
from control voltage input terminal IN 2 and is applied to a horizontal oscillation circuit (not 
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shown in the figure), the oscillation frequency can be controlled, and a horizontal pulse in phase 
with the synchronizing signal can be obtained constantly. 

One or two groups of differential transistor pairs are used as the horizontal oscillation 
circuit that is not shown in the figure. When the base potential is changed, the magnitude of each 
vector to be combined is varied at the output terminal when the vectors of two outputs with 
different phase shifts are combined. As a result, the phase of the combined vector is changed. 
Consequently, in the voltage control oscillator which controls the oscillation frequency, AFC 
becomes possible by applying the reference voltage to one of the input terminals of the 
aforementioned differential transistor pair and applying the smoothed DC control voltage to the 
other input terminal. At that time, since the AFC clamping voltage equals the reference voltage, 
the absolute value of reference voltage V D 5 will not become scattered. Also, since no problem 
will develop even with temperature drift, there is no need to perform special temperature 
compensation for the reference voltage. In addition, there is no need to restrict the accuracy of 
the resistors or insert a constant voltage circuit containing a feedback circuit to prevent abnormal 
oscillation. Consequently, the design is significantly simplified. 

As described above, according to the present invention, capacitor C2 is used as both the 
capacitor of the integrator circuit, which is used to obtain the comparison signal, and the output 
capacitor of the phase shift detection circuit. In this way, the number of terminals can be reduced 
by one during circuit integration. Also, the design of the automatic frequency control circuit is 
simplified by allowing the reference voltage of the AFC clamping circuit to have loose 
specifications depending on the combination with a voltage control oscillator which controls the 
oscillation frequency according to the voltage difference between the reference voltage of the 
AFC clamping circuit and the AFC control voltage which is based on the aforementioned 
reference voltage. 

Brief description of the figures 

Figure 1 is a circuit diagram illustrating the main parts in an application example of the 
present invention. Figure 2 is a waveform diagram explaining the operation of the circuit shown 
in Figure 1 . 
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